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Today the use of adhesive bonds is more developed in many industries 
and more specifically in Space Industries. Its development is limited by 
the possibility to make a non-destructive evaluation of the quality of 
the bond. Up to now, the inspection of the cohesion and the thickness of 
the glue are well controlled. With regard to the adhesion, the problem 
is not yet solved. 
The adhesion characterizes the interface between the adhesive and 
the adhered and depends on the conditions with which the bonding was done 
(preparation of the interface, for example). By the way, it seems 
realistic to consider that the adhesive may affect the propagation of the 
longitudinal acoustic waves are not really suited to give informations on 
the quality of the bonding. More recently it was shown [1-3] that the 
use of transverses waves obliquely incident are more sensitive for the 
investigation of the interfacial weakness. This is probably due to the 
fact that the adhesion parameter is more sensitive to the shear 
displacement than to the normal displacement. 
In this paper, we present an analysis of the dispersion curves of a 
three layered structure at low Fd (<4 Mhz. mm); we discuss also the 
possibility to use the lowest modes to get information about interfacial 
weakness defect at the interface between duraluminium and epoxy layers. 
This "plate wave" technique has been suggested by Pilarski and al [1-3]. 
The dispersion curves are displayed from the measurements of the 
reflection coefficient. This angular analysis was done on samples 
including three layers adhesively bonded (Table I). 
THEORETICAL MODEL 
The theoretical model is based on the classical approach developed 
by Brekhovskikh [4]: the reflection coefficient is calculated for a bulk 
wave incident on a multilayer system including solid and fluid layers. 
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SAMPLE FIRST LAYER 
dural (1. 6mm) 
dural (1.6mm) 
brass (.Smm) 
Table I. 
INTERMEDIATE LAYER 
epoxy (.lmm) 
(with good bonding) 
epoxy (.lSmm) 
(with bad bonding in 
one side) 
epoxy (.3lmm) 
THIRD LAYER 
dural (. 6mm) 
dural (.6mm) 
dural (l.Omm) 
From the angular positions of the m~n~ma which are observed in the 
reflectivity measurement, it is possible to draw the dispersion curves of 
sample by plotting the angular values at which the minima existed as the 
product Fd varies. 
Theoretically, the boundary conditions written at each interface 
give us n equations with n unknowns which are the amplitudes of the 
reflected and transmitted waves in each layer. By solving the system, we 
obtain the solution of the complete structure of the waves propagating 
into the multilayer. 
Two possibilities of boundary conditions are actually possible: 
--the continuity of stress and displacements which describes a 
perfect bond or an ideal adhesion between the aluminum and glue on both 
internal sides. 
--the continuity of the stress and the existence of a linear 
relationship between the stress vector and the jump of the displacement 
in both sides of the boundary. This last condition was suggested by 
Pilarski [5]. The value of the coefficient of proportionality defines 
intermediate situation between the perfect conditions (~- 1), the 
sliding conditions (~ = 0). The condition~~ 0 corresponds to the 
cancellation of the tangential component of the stress. These boundary 
conditions simulate the defect of adhesion. 
In Figure 1 are given typical plots of reflectivity measurements for 
a three layers sample. We notice a good agreement for the position of 
the minima between theory (continuous line) and experiments (black 
points). 
The label of the modes comes from the work of Pilarski and Rose 
[1,3). 
The theoretical curves plotted in Figure 2 are obtained for two 
different boundary conditions in case of a dur./epoxy/dur. multilayer. 
In Figure 2a, we introduced the continuity of stress and displacements; 
the plots (continuous line) are characteristic of a three layers sample 
with perfect bond (modes M1, M2, M3, M4, Ms). For comparison we have 
plotted in the same figure the dispersive modes concerned with the modes 
AQ, So, S1 for a free plate (dotted line). 
If we introduce the boundary conditions to simulate a weak adhesion 
at the interface between the epoxy and the upper layer, we get the 
diagram plotted in Fig. 2b. The continuous and dotted lines represent 
respectively the dispersion curves of a three layers system poor bonded 
in one side (continuous line) and a free plate, for comparison (dotted 
lines). 
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Reflectivity measurements on EC~~ample ( • ) experiments; 
(-)theory. (F ~ 0, 96 Mhz) 
Two features characterize these plots: the existence of an 
additional mode M2 in the two configurations and the behavior of the mode 
M3 which goes down for a perfect system and which has the same asymptotic 
value that M2 and So for a bad bonding. Notice that the modes Mi are 
very closed to the modes Ai, and Si. From these diagrams it is easy to 
conclude that the mode M3 is the most sensitive to the boundary 
condition. This conclusion is in agreement with the observations of 
Pilarski [ 3] . 
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0 15m;;;) 0 
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EXPERIMENTAL RESULTS 
The experiments have been achieved on three samples where 
geometrical characteristics are given in Table I. 
Study of the sample Ec:: 
In Fig. 3a and b are plotted the dispersion curves observed 
respectively when the first insonified plate is 1, 6mm or 0, 6 mm 
thickness. For comparison, we have indicated by stars the theoretical 
data. We note a very good agreement between the theory and the 
experiments. 
We notice that the modes M1, M3, M4 and M'l, M'3, M'4 have the same 
dispersion curves which are very similar to those observed for a free 
plate. These modes are then due to the geometry of the insonified plate. 
For the modes labeled X and Y (see Fig. 3b) a realistic proposal is 
to identify the mode X as a mode Kj 2 , related to the whole multilayer and 
the mode Y as the mode M3 of the back plate. By making this assumption 
the dispersion curves of the mode Kj 2 (Fig. 3a), X andY have to be 
multiplied respectively by the factors 2.3/1.6, 2.3/0.6 and 1.6/0.6. 
With this transformation the two curves concerned with Kj 2 might collapse 
(Fig. 4a). This result is confirmed by the measurements achieved by 
transmission (see Fig. 5, mode M2). In this case the thickness is 
2.3mm. For the modes M3 and M3 (Fig. 4b), we notice a reasonably good 
agreement. 
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dd E C PI' Refleot!on dd ECpp Reflection 
(d= 1. 6mm) (d'=0.6mm) 
(b) 
10 
2 3 4 
Fd (MH •• mm) 
0 2 3 4 
F d1( MH1. mm) 
a. (~) Experimental dispersion curves obtained by 
reflection measurements on well bonded Ec:: sample. The 
thickness of the upper layer is d - 1.6mm and the glue is 
O.lmm thickness. (~) Theoretical data. 
b. (~) Experimental dispersion curves obtained by 
reflection measurements on well bonded Ec:: sample. The 
thickness of the upper layer is d' = 1.6mm and the glue is 
O.lmm thickness. 
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a. Experimental normalized modes obtained by reflection 
measurements on well bonded EC~~ sample, (M'2 with 
2. 3/0. 6 -tit-) and ( -...- M 2 with 2. 3/l. 6) . 
b. Normalized experimental modes obtained by reflection 
measurements on well bonded EC~~ sample, c-.-w3 with 
l. 6/0.6). 
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( -e-) Experimental dispersion curves obtained by transmission 
on EC ~~ sample (thickness of the glue 0. 1 rnm) . 
Study of the sample *EC~~-
For this sample, the bad bond was simulated by a thin teflon spray 
contamination before deposition of the glue. The curves in Fig. 6 are 
similar to those plotted in Fig. 3 and the modes M3 and M) have a 
behavior which is characteristic of an adhesively bonded structure. 
These results indicates that the teflon do not simulate a local weakness 
of the bond. 
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a. ( -4P-) Dispersion curves experimentally obtained by 
reflection measurements on bad bonded *Ec:: sample. The 
thickness of the upper layer is 1.6 mm. 
b. ( -4r- ) Dispersion curves experimentally obtained by 
reflection measurements on bad bonded *Ec:: sample. The 
thickness of the upper layer is 0.6 mm. 
Study of the sample Ec::. 
For this sample which includes two welded plates of different 
materials (brass and dural), the dispersion curves obtained for low 
values of Fd are given in Fig. 7. The different curves have been 
identified as corresponding to the dispersion curves of the M3 modes of 
the two plates and the M2 mode of the dural plate. Additional 
experiments have to be done to check the identification of these modes. 
Mention that the experimental results are obtained whatever the thickness 
of the plate is insonified at first. 
Fig. 7. 
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(X, • ) Experimental dispersion curves, non normalized, 
obtained by reflectivity measurements on well bonded Ec:: 
sample (thickness of the glue is 0.3 mm). 
CONCLUSION 
This study reveals that at the present stage of our results its 
seems very difficult to distinguish a good bond from a bond contaminated 
by teflon spray. Most of the observed dispersion curves are 
characteristic of "quasi-free" mode of each metallic plate of the 
multilayer. Finally it appears that the Mz mode is characteristic of the 
whole multilayer structure. 
ACKNOWLEDGEMENT 
This study has been supported by D.R.E.T. (Contract 87-488). 
REFERENCES 
1. A Pilarski and J. L. Rosle, J. Appl. Phys. 63, 300-307 (1988). 
2. S. I. Rokhlin and D. Marom, J.A.S.A. 80, 585-590 (1986). 
3. A Pilarski, J. L. Rose and J. Da-Le, Nondestructive Testing (Proc. 
12th World Conference), Amsterdam 1989. 
4. L. M. Brekhovskikh, Wayes jn Layered Media, (Academic Press, New 
York, 1960). 
5. A. Pilarski, Mat. Eval., 43, 765-770 (1985). 
225 
